Abstract-The increasing number of interactive products in our environment leads to an accession of interaction between products and users. Nowadays, this interaction is described with different concepts than the interaction between the products. This makes it difficult to mutually replace users and products to create smart environments that are able to automatically perform tasks for the user, if suitable products are available. To advance the design of interactive smart environments and to bridge this gap, we introduce a concept for describing product-initiated interaction with users.
I. INTRODUCTION
In our everyday life we encounter an increasing number of smart products. A smart product is a physical product, software or service with capabilities to communicate with other smart products and with users. Several smart products together form a smart environment. A more detailed definition can be found in [1] .
In the vision of ubiquitous computing [2] , users naturally interact with these environments and the vast number of smart products is used to ease everyday work. The products can dynamically find other products in the environment to fulfill complex procedures together. In the vision users and products are interchangeable: A user can take over the work of a smart product and vice versa.
The question how the behavior of smart environments can be handled has been in the focus of research for some time now. The three major aspects thereby are (i) how to solve the technical interplay of products, (ii) how the model for the behavior has to be designed, and (iii) how to design interaction with the user. Unfortunately there seems to be a gap between the different research directions and only a few meta-concepts exist. In this short paper, we introduce the first element of our approach by proposing a categorization of product-initiated interaction with the user. We model the processes in the environment as workflows and use these categories to annotate the different steps. These annotations enable the smart product to figure out at runtime, how to approach the user in a suitable way.
II. ABSTRACTING INTERACTION
Users expect to interact naturally with their environment which also holds for product-initiated interaction. Obviously a warning must be communicated differently than just some phrase, which the user even might decide to ignore. If a product does not adapt, the user would instantly get the feeling of a very static and "dumb" environment. Another issue to be considered is the explicit or implicit character of the user's feedback. Whenever a product tells a user to take a certain action, the user could press some button on a user interface, providing explicit feedback, or sensors could generate events and provide implicit feedback. Thus, it is a very challenging task to design the interaction behavior of smart products.
A. Representation
Based on concepts derived from speech act theory [3] communicative acts [4] , and the analysis of different scenarios provided by the research project SmartProducts, we created a set of interaction types describing the interaction between smart products and users. We thereby focus on practical product-initiated computer to human interaction in smart environments not only from the view of the end-user but also from the view of developers. The different types can be arranged according to the importance of the interaction for the user and the expected feedback, as shown in Fig. 1 . Concerning the importance, we distinguish between interaction that can be omitted, that can be deferred and that cannot be deferred. The expected feedback can be split up into no expected feedback, simple predicate feedback (yes/no) and complex feedback. To enhance the adaptation during runtime, we also include an optional field in each type, describing if the user will be occupied for a rather long time or not. The resulting interaction types can then be used to determine when and how to interact with the user in the most suitable way. Further, it might be necessary to allow changing the type during runtime. The subject of a notification, which is disregarded for too long, might become a critical issue after some time.
In the following, we list the different types we identified so far and give a brief description for each of them. We illustrate each type with the example of our smart coffee maker [5] .
Phrase Phrases only convey information of low importance which can also be easily ignored, like greetings. 
III. TOWARDS INTERACTIONFLOWS
One way to make smart products "smart" is to enable them to fulfill complex procedures together with other smart products in the environment and with the users. Developers of smart products must be provided with adequate tools to model such procedures. There are plenty of approaches defining how this can be done, ranging from task models to process definition [6] .
In the currently started work we will develop a concept that includes context-aware interaction descriptions into workflows. Using the interaction types we will reduce the description required for the interaction with the user. Including possible feedback into these types will allow us to track the current progress of workflows more accurately and flexible. The system should for example recognize and allow if the user does not follow the modeled workflow exactly. This advances the otherwise rather static characteristics of workflows. With these annotations, we enable developers of smart products to create workflows which result in a natural interaction at runtime.
